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Abstract. Cattle milk received, since the first described polymorphism in 1955, an important 
attention due to the implication of major milk proteins genetic variants in milk quality, in some human 
diseases caused by milk consumption or due to the possibility of using the genetic variants as genetic 
markers for adulteration identification of dairy products. In our previous work, we established the 
genetic structure in the six major milk proteins loci, in four populations belonging to Romanian 
Simmental breed. Therefore, the objective of this study was to characterize the milk protein 
polymorphism in the rest of Romanian cattle breeds (including local breeds), in order to have a 
complete picture about the alleles frequencies in the six major milk protein loci in these breeds.  
 




In cattle milk there are six major proteins, four of them belonging to casein fraction: 
αs1-casein (αs1-CN), β-casein (β-CN), αs2-casein (αs2-CN), k-casein (k-CN), the other two α-
lactoalbumin (α-LG) and β-lactoglobulin (β-LG) belonging to the whey fraction. These 
proteins are coded by 6 major genes which are specifically expressed in the epithelial cells of 
mammary gland during lactation.  
Beta-LG was the first milk protein in which a polymorphism was identified (A and B 
genetic variants), on paper electrophoresis by Aschaffenburg and Drewry (1955). Since then 
many genetic variants were identified in different cattle breeds (Farrell, 2004). In our previous 
work we identified and confirmed the hypothesis of the existence of a new additional αS1-CN 
genetic variant in Romanian Grey Steppe cattle (Balteanu et al., 2007a, 2008) 
The genetic polymorphisms of major milk proteins were studied in cattle relative to 
milk quality and it’s manufacturing properties (Delacroix-Buchet et al., 1994; Vlaic et al., 
2002; Wedholm et al., 2006; Creanga et al., 2007; Balteanu et al., 2007b; Ilie et al., 2009), 
either to study cattle phylogenetic relationships (Beja-Pereira et al., 2002; Jann et al., 2004; 
Balteanu et al., 2007a; 2010), as Zebu introgression markers in Bos taurus breeds  (Ibeagha-
Awemu et al., 2007; Caroli et al., 2008), or as genetic markers for authenticity identification 
of dairy products (Addeo et al., 1990; Veloso et al., 2002; Balteanu, 2005; Vlaic et al., 2008).  
Furthermore αs1-CN casein is incriminated as being the major milk allergen (Molkhou, 
2006). Cattle milk consumption containing some β-CN genetic variants (namely A1, B and C) 
may induce serious diseases, like: Diabetes Mellitus type 1, Ischemic Heart disease, Sudden 
Infant Death Syndrome, Autism and Schizophrenia. This is due by peptides with morphine 
effect, produced following digestion in intestinal tract of β -casein A1, B and C type, but not 
by digestion of β -casein A2 and A3 types (Kost et al., 2009).  
At national level data concerning the characterization of some dairy cattle breeds are 
just a few mainly focused on K-CN and β-LG loci (Vlaic et al., 2002; Balteanu et al., 2004a, 
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b; Ilie et al., 2009). These studies were performed on a small number of individuals and being 
identified just two common alleles based on PCR-RFLP protocols.  
However, the identification of all genetic variants in the 6 loci coding for major milk 
proteins the knowledge of their frequency in the main Romanian dairy cattle breeds is 
particularly important since they have many implications as described above.  In our previous 
work, we established the genetic structure in the six major milk proteins loci, in four 
populations belonging to Romanian Simmental breed (Balteanu et al., 2007b) 
Therefore, the objective of this study was characterized the milk protein 
polymorphism in the rest of Romanian cattle breeds (including local breeds) in order to have a 
complete picture about the alleles frequencies in the six major milk protein loci in these 
breeds.  
 
MATERIALS AND METHODS 
 
I. Milk samples collection 
Four uncharacterized so far Romanian cattle breeds were considered in this study. A 
total of 614 milk samples were collected from representative farms (Tab. 1).    
Tab. 1 
Number of collected samples from individuals belonging to four Romanian cattle breed 
 
Farm of origin Number of collected samples  Breed 
SCPCB Dancu, Jud. Iaşi 
(Cod fermă: 95180001) 365 Romanian Black and White 
SCPCB Dancu, Jud. Iaşi 
(Cod fermă: 95180001) 13 Red Holstein 
SCA Livada,  Jud. Satu Mare 
(Cod fermă: 138040001) 180 Brown breed 
Şaru Dornei 16 Transylvanian Pinzgau Black Variety 
Dorna Arini 8 Transylvanian Pinzgau Black Variety 
Candreni 2 Transylvanian Pinzgau Black Variety 
Şaru Dornei 15 Transylvanian Pinzgau Red variety 
Dorna Arini 11 Transylvanian Pinzgau Black Variety 
Candreni 4 Transylvanian Pinzgau Black Variety 




Milk samples collection was done individually directly from udder, in 15 ml Falcon 
tubes with no preservatives. Samples were stored during transportation at 40C and then frozen 
at -200C.  
 
II. Genotyping 
Isoelectric focusing (IEF) of milk samples was done as described in details in our 
previous studies (Balteanu, 2005, Balteanu et al., 2007b). IEF was carried out in 4 % ultrathin 
(0,5mm) polyacrylamide gels containing 8M urea and a mixture three ampholytes (GE 
Healthcare, Sweden): pH=2.5-5, pH=4.2-4.9, pH=5.0-7.0, in an Multiphor II Electrophoresis 
System (GE Healthcare, Sweden). After the run, the gels were stained with PhastGel Blue R 
(GE Healthcare, Sweden). The gels were then analyzed with a Molecular Imager Gel Doc XR 




RESULTS AND DISCUSSION 
 
The analyzed IEF profiles of individual milk samples revealed in the six loci coding 
for the six major milk proteins the presence of some common genetic variants but also of 










Fig. 1. IEF profile belonging to some Brown breed individuals from SCA Livada, Satu Mare County  
(samples1-7, 11-15) and reference samples (samples 8-10).  
 
Following gels interpretation allele frequencies were calculated in each of the six loci 
in the four cattle breeds analyzed (in this study, Tab. 2) and then compared with the results 
obtained in our previous work (Balteanu et al., 2007a, b).  
 
Tab. 2  
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*Balteanu et al., 2007a; ** Balteanu et al., 2007b 
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In αS1-CN locus two common alleles (B and C) were identified. The frequency of B 
allele is 0.9 in improved breeds in the direction of milk production, reaching the frequency 1 
in Red Holstein. The lowest frequency of B allele was observed in Black Pinzgau breed. The 
frequency of C allele, associated in different breeds with a superior processing milk quality, 
had the highest frequency in Black Pinzgau breed (0.308), this allele being absent in Red 
Holstein breed. The αS1-CN ISM allele previously identified and characterized in Romanian 
Grey Steppe cattle (Balteanu et al., 2007a, 2008, 2010) was not identified in these four 
studied breeds or in previously studied Romanian Simmental populations (Balteanu et al., 
2007a).  
In β-CN four genetic variants were identified A1, A2, B, C. The frequency of the 
ancestral A2 allele is higher (over 0.5) in comparison with the other 3 identified allele, with 
the exception of Red Pinzgau in which the frequency of A1 allele is the highest (0.483). The 
A3 genetic variant identified with a very low frequency in Romanian Simmental populations 
(Balteanu et al., 2007a) was not identified in this study. The B allele, associated in different 
breeds with a superior processing milk quality, had a very low frequency in all studied breeds 
(Tab.2). The C allele was detected with a low frequency in Brown and Black Pinzgau breeds.  
In αS2-CN just one allele (namely A) was identified with the frequency 1.  
In K-CN locus three alleles were identified: A, B and C. The highest frequency of A 
allele was observed in Romanian Black and White breed (0.835). A high frequency of this 
allele (0.679) was previously observed also in Romanian Simmental breed (Balteanu et al., 
2007b). The B allele had a higher frequency in comparison with A allele in Brown breed 
(0.619) as was observed in Romanian Grey Steppe cattle breed (0.583) (Balteanu et al., 
2007a). 
In α-LA locus a just one allele (namely A) was identified with the frequency 1. 
In β-LG locus, three alleles were identified: A, B and C. The frequency of B allele is 
higher in comparison with A allele in all studied breed, the highest frequency being observed 
in Red Holstein (0.769).  This is in contrast with the results obtained in Romanian Simmental 
and Romanian Grey Steppe cattle breeds in which the frequency of A allele is higher in 




 The present study of major milk protein polymorphism in the main Romanian dairy 
cattle breeds was performed on 614 individuals belonging to four breeds. This information 
(present study), together with the information obtained in our previous studies (Balteanu et 
al., 2007a, b) could contribute to:  
1. Improving Romanian cattle breeds milk quality (especially of casein content), its 
manufacturing properties and cheese making efficiency by a precocious selection of 
individuals with desirable alleles for this traits as: αs1-CN C, β-CN B, k-CN B, β-LG B;  
2. Obtaining of healthier milk, with no a negative effect on human health. Considering this, 
the knowledge of β-CN genetic variants frequencies in Romanian cattle breeds can create the 
opportunity to select individuals carriers A2 alleles for producing this alternative milk.  
3. Establishing at national level of some methodologies for milk and dairy products 
authenticity/ origin identification, based on genetic markers, by knowledge of milk proteins 
polymorphisms in native farm species and the revision of the methods used at European level, 
with the goal of: 
- Protecting producers and Romanian traditional products rights, by modern certification of 
authenticity and origin methods, which could be easily sold in Romania or exported; 
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- Protecting consumer’s rights, by preventing of falsification and selling of dairy products, so 
the producers will be obliged to respect correct labeling, mentioning the specie milk used for 
producing a particular product 
 In this respect, the setting up of a methodology for authenticity/origin identification of 
Romanian dairy products is in progress our laboratory.   
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